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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve characteristics 
and cost performance of a silicon MMIC (monolithic 
microwave integrated circuit) by simultaneously 
integrating a passive element to a silicon substrate. 
SOLUTION: This inductor comprises two or more 
trenches 17 arranged on a silicon substrate 13 located 
at the lower end part of an inductor metal wire, 
insulating film 18 surrounding the trenches 17, non- 
impurity doped polycrystalline silicon area 20 filling the 
inside of the trenches surrounded by insulating film, 
insulating film 15 evaporated to the upper part of 
polycrystalline silicon and the entire part of substrate, a 
first metal line 1 2 of inductor formed to the 
predetermined area at the upper part of the insulating 
film, an insulating film 16 evaporated to the entire part of 
the first metal line and substrate, via holes 14 formed to 
the predetermined areas of the upper part of the first 
metal line through the predetermined area of the 
insulating film and a second metal line 1 1 coupled with 
the first metal line 12 and is arranged on the entire surface of the substrate. 
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(54) \§wi<K>2,m i'Vx>£tii±<!>'i>yir*mmRz* : £<Dmm*m 



(57) [Kftj] («HE*) 

y n vmm i c©#ttx wests 

v>£ -> 'j n >mm. 1 3 kebi inifc2iiU:oH'>f 

rt si * n t v mras hu > *- <o n as ic 5t« $ ti tz 7f®. 

ill 5i« Mie«&^^±6B^5E<OgB^U^fi£$*t/c 

> * ogi i nt> miesi i 

fifcey*-/H 4t. ifilfEe'T^-A'Srffiifr&A'-eiiir 
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1 

rj>&;&i:.E?!)$*lfc2'IItLt?> M^vf-t, 

t ?>m&±<o4 >y? figm,, 

[I$]g2] ttrte huv^ii h u>f-t h u>*tff> 

*B*:»iE«o5"j3>*«±©'f >r??mm.o 

^JSteOTgBtcBe?!l$^^ h 1/ J: »)ft< > -f<0 
ft* J: $*v»^trBWSiifc«ttT**£i: 

mzw.mzixtz v u>^co«js.o f #<c»ft***fjf?ra-^ 

JftRtfRJBOWjiT** £ t 1 E« 

So 

[IS^JilO] ffiEft2&Jffaii*&KOflliI-r*>* 
it^i|f®ti-4»*JSlElBcO->';r7>3|«±o^> so 
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[fit#«ll] li&E&JKi&li3Jgm±0?&-eilJ££*i 
4i t *#mti-4iS*a 1 EffiCv 'J 3 >g«±?M 

KEv 'J 3 >&$Lf*iff>ffifc<DUfr^-?xtZm^ 
tzx-v + yyKZiXl'oVXl.ff) Y l/>*1) f Mf&Zixtz 

HEM'>f-»«K«Mk*a<:ffor«2»ltKS:3gja 

flrE his >^&«o£#«ji±K7R&^ k- *ir 

v»4rv*£ttfl->»j 3>***Lfc«, tt^tt^tf^HiStt 
fflttc ± o rilttE* 2 Mttlleftiei * -citB£f& A v 

'j3>s-wai-4®rat. 

iU#fe B a a y 3 >0*S*&* *tfc h u left 

? ^ > y \z i. o T m 1 ^JR^ Sr Z&PS t , 
fllE«l&«ttO±«B(:«4lftKK«:3K*U 1»E»4 

v»fc*?*>^K J: oT* 2 

5] M>U>fliH/>f t Fl/>f t 

[ft*JSl6l ItlEM^V^Ii-e-Wft?**^ 
^JS140TSB»wE?!l$n3t KUV^Witili "Jft < . *-co 
±SBW»1 ^y f «2^Jg«l^ib^-£>-f ^O^FffiO 
ft $ X *) ft v^-eE?iJ $ *tT©j£ $ i t Zft®. t -t 

siMi 2 let© -> 'j 3 >s«±(o^ > y ^ ^ st* 

IIMl 7] WH/>fli-f i'^JSi^OT 
SBICE?iJ$^7t h UV^OfSSl^WftStfUilSlB]— <o 

9&m&<r>T&>\zmmztitz Mx>^tn^ 
3 >»«±o^ >tr>r 



(3) 



ftfflW- 1 1 -2 3 3 7 2 7 



3 

i 2iem<ov'j n >*«±e>4 >^ * 

o v'J n > g« icffl v-c, Jx * .r t i &m 1 1 & IS**! l 
2 TiM 1 9 0{pjn^-«tcKm<0 v 'J 3 >»«JiW^ > 

[ffi#«2 2] tfrE£*»»i3*Jtt±«>«TiBj0t3ii 

[fll&H 2 3 1 fflTEft 2 RX/m 4 I6*§|g|l4 0 . 5 71M 
2 / im?lJStc^b^tt^C:i:^^mi:i--&m*3Sl 2 IB 

[S#«2 4] HtlE£3i?&liJKJ4 0. 2 75Sl/ume 
KKSHtS*l4£i:*4*«i:-*& 11*311 2E*©5"; 

[«#?I2 5] HilESi? 1 &JRi£t4 0 . 5 7i^l//mg 
JKK^*£ft*i££#mt-t&»#JRl 2E«OS"; 

111*^2 6] litrE»2&JSi&(4 0. 5 7iM5/ime 
[S£i8<oi£SfflfcljiiE] 

[0 0 0 1] 

fc^V^^^lc#»3, 4 ***ttfiLTv*.5> -><) 3 

£5fc«LTM V^* (Quality factor) &fp]-t£ 

[0 0 0 2] 

[&#oj$fl5] -H&ic, t;'j-/^7^Diiai 

SS (Monolithic Microwave IC : JUT, TMM I CJ t 
V*-?) Otitic fcv^T, -f > \Z — yy *&%<7>tz#>\z\l 

IfttWV^^fgO^SO.fcfck-fQ (Quality Facto 

r)K<fcoT&5e2rt* 0 Sffl, *«t^f > ? 9 9 

-f &v>:bi9>&«;SIM sir* ^0*S*nrr«6t4*Ko 

O-Y >^^5'* t |B|-f-v-/tC^«-r*->';3>MMI C 

9*fk,&-tz>i%. WcitmmzfBimm >9~9 9<d& 

HAM ^Otefi-f* v'J n Vg«<7?i|#t£KJ:oT 

[0 0 0 3] 13 1 3 &#B?. LT&JfcOv 'J 
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v^Tgi^f&o HI 1 (a) Rirmi (b) li»<Oy'J 

[ooo4] h&e^ fmmzmmirhtzibiz^ -> 
•j n 3 i i&i»r 5 s-j^bse u tkjess 1 «« 

L, 1trfBl^«iK2Jitz^2^K6^JBfi£L, liiFE 
$ 2 feltR 6 \^xmi£.<0®>5r? 1 *&J1& 2 t 2 

<S9Q (Quality Factor) \±4 > V 9 9 <D&m,1&.t*s") ^ 

[0 0 0 5] H3 l±Vt&0><1 >nr ^^ffiESSS'^ 
•To B 3 <K r^M(?)2 Jfc&Jgi& 1 i: •> V 3 >«« 
3 fc^K^if&iUK (6St^5) lcJ:.&*-w?->* >*J4 
Coxt, y'j3>i«3WiaiiRs i -C-«^$7t 

-f *<DQj4*;*:§< < ^^>/c:^6U»i^ C o x 14* 

$ < , KWR s i 14pI«^PS»)^:# < ZbZVntfZb 
20 ^v^o Lfci'ot, ^-S-CI4if6»K«rl^CJp<i-^, 
*N 4>*vM4^acfetOvV 3 >SS^v>Tlfc^ iP6 

&T-tz t\,-7 mm***) o fee 

[0 0 0 6] 

[^WMLi d 4: •*■*»«] Lfe**o-C, ^^(4 
30 sK>7*W >ys*y VRXf&mWim^EimvTWl 

h7>-/^?^Mos v ? > v * * tt wmmm 
^ 1 4 > r * 9% fco^mm^- 1 * v'j 3 >&$nz mm 

tMLtv ') 3 VMM I C<0^S.^Si§tt<D5S:#lc 
[0 0 0 7] 

[liH«-^lfci-*^i6<7)#S] ±IB<OiDi)«rji)£1--&^ 
*%-W<r> 4 > 9 9 9 4 >9~9 9&m&<0 
40 T«»»UttlLtv>4">'; 3>»«tcEy-|J?ix/c2<@ 

* ? itfc^tt*** K-ySfttv>4v>#fe B B B y 3 >n 
JSt. ttfB#^ B B B ->'J 3>o±S6Sl/««0^:M^SI« 
^n/citfe^Kt, flUIBitfe^KigSO^OgRS-UJgtK? 
ixfe'O^^^O^l^JRijitt, miB^ 1 ^JK^S^* 
«^^lSl-^*?rT./c«£i»Slt, MfB*6i^K<Off5c<73g|5 
frt-MML. &\&mm±. : 8><r>m'K.<r)Wft\zw>f$LZfitz 

so mm.tm&L, »«<o#BnicBB?ij$n&^2^JSi^t s- 
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ta b i t £ #gfc 1 1- * o 
[0 0 0 8] *&IB<04 v*'* *SS<0§Sii;£&li> v 
•J a >**±K* 1 £*M*X?£L*:&* HFlB-> 'J =» > 

T 21@JU±<0 h l/>f-A«»ja*ii.fc h u 

2 i&IK^ij -cmifi#iS B B B -> 'J n > »«K 

ffifa#>g B B B y y nv^ji^iif ixrv^ hu>fi 
?r ffl v> i v v ^ ic j: o r m i &mwi * tem-t * &m 

[0 0 0 9] 

*W-m~®.W-i-Z>o 02 (a) #^1112 (b) It+ti? 

[ooio] -4 yyffnn/') 3 <oi*isptcBe 

H/Vf-17tH/>f-l 7 i:<OHOMSrS?fk 
I«-C^£K®Hb£-£T®/£Sft*&2*&f§illll 8t> 

*vcv*&v>£tihfty 'j3V20i, mTfE£#«i£±K© 
JUS ftfc* 3 «fc|»R 15t, flrSft 3 ffittR 1 5 OjJr£ 
<ow,$-\,z : %,$LZtitzJ y y ? ? <D 1 *&JSi& 1 2 HiF 
E^l*«j6±<03T3eofflfl'.C»***ifc»4iaitill 6 
HJE 1 1 2±SBOj^5e«>g&£-K©J!KS*t*: 

ifr*-*i 4t, DtriBts 4 itutK 1 exirnneer* 

-;H 4 <9M5feOSB#K^J&$ftfcffS2<fc&JRi&l 1 £ 

a^fc »?, tJietfr*-*' 1 4 £^ltw >y? 902 
[0011] in 2 (b) b \syf-\ 7 t h 

U>f 17 i:<OF4H5£Sfc< L"C, -f-OHU** y 'J n> 
l^>-f-CD?£$14i£< "fa**, -^-tfMtto 4>]iJ4$fc < Lt, 

h u>?^ioifti/2K^^*ip$5^#ig B B B yy a 

><0^*<D*-C h ls>*1><fttz2ixi> 4 ? K-j-ZZtlz 

2 (a) K:fcv>T, ^JgHOTSBKBc^ilSft 
tz h U>-^l4-5-CDft$;6 f -5-Oi|iI4 »3fi<T>f>y*?<0 

[0 0 12] 13 4 it*&Wlz£i>4 >y? ?mW.<0^ffi 

®mzm-r 0 4 >rt ?<r>2#i&w i &\ l^gsvu 

a > 2 0 iOHOiffe^K ( 1 6 5.^1 5) \z 
-/?>A^Cox It*. ^SbIvV 3>20iv'J3> 
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g«l 3 tOM<0^mi 8 KJ:* + *'<y* V*£C 
o x 2-C^i"o ^ISAVVU n vOrtSBfm^tElectron) 
t: IE?l (hoi e)«$2@ (Depletion layer) U4 
y*>*«-Cp olyf« #^b b b v'J a >?>}gi/i;£ R p 
olyt, y'J 3>*«<D&*/tlI&R s i T^1- 0 H4 
KJS^-C. h UV-^1 7 &5fc*Lfc^«l4**&'»a < K- 

n>2 0-C**/c«6. Cp o 1 yH(±/h$< i!), E 
®. R p o 1 yf!ii*:§ < 44, t tz. FU>f 1 7t 
10 }-U>f-l 7 k<Dffl<0'> 'J 3 v^^KtcK-fb^ix-Cfe 
mWtC^ >fT? 9<OQ (Quality Factor) ^(6]±1--& 0 
[0 0 13] iWi^C^WSffili, a'«-7 1- 

*x &mwL&mz&tixi$*)$3:m&<oM\<->i<") = vmm 
[0014] .tJELfcy'j a y&fa±\z&nz>-i>y;? 

20 (J21T, rFU>fi«J t^-j) «TEH/> 

f-^tRO h yy^-rtSBK^ISifay 'J 
l^t. 1trfBM^>f-*«<0 h UV-f-rtlStc^ftfty y n 
> £ili^)2w^/im^ w±§ptc*fe«i)K t 4 -& -f 

[ooi5] m^T3^.m^\t^m\'^i>m\9Mm<o 

>T&ifc*%kyk-thtzib<Oi><DX'. y>;ny^«13± 

\zm%.<r>ft\*mwk\ 9 n^>fi7« 

?tLS J: -5 K» 1 «i»JRl gSCfv'Jnviffil 3 £ik 

*i 3 <omttiVim$:7F-$-&iffimx-$>2>o w^t, hv> 

f 1 7liH/>f t 1- \s><f-t<r>mm& Y U>-fOft^ 
H 4* ± •? KBE3?!)!_-C^fiS;U ?5:i3 h 1^>^<0(>I 
J:»)-E-coai$^gl<'5:-&J: : 7tcE?iJLTBfi£-r4o H 

i'3H/>fofi?< , g<, MIEfiS-^i&BW^lXU' 

[0 0 16] 13 6 141115 ICTj^LTt hUVf 1 7t hV> 
40 f-n t©MO-/'J nvfdl ^^gBK-lb^Hi-CO. 5 
^m~2 ^ mSJSOjf^ d 2T-KftL/:«2l6ill 8 

[0 0 17] i7W@8 14 h U>^*«C0 h U>^-F*i 

ssu#^ B B B y y 3>i&it>&tTtzit><Di><DX'. ffiteh u 

yf-*«ic** h Uy*-j6*#*§B|y y a >T^SB?E^$ 

>2 0«r^«L^m. ft^fi<)S^«ni)«fefe (Chemic 
50 al& Mechanical Polish) iz J: o T ^ 2 *6*§Bg 1 8 OS 
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m t t # *s n -> 3 > £ mi ») ax o tz #l3 z m-f mm h v 

o*> So 

[0 0 18] H9li4 >9~9 9 <D&m&&fr* 

tztb<»i>w, miy u >f-*«*>i*ittK£8»->y 3 

SS3*£*iKl 5 *rJK*U &JS£ 0. 5/,m-l^mg 

oTHSl&JRi&l 2 flTfiE8lifeJR»l 20 

±8B»c8 4*6«&Rl 6 £0. 5 fi m~- 2 /a miggOJfS 

JV£^JSLfc&* 1 1 * 0. 5/im~5//mSS(0 
ff?KS*U -^^^ tfflv>fci?fV^i:J:9T*2 
&JRi|§ll 1 *«ti. »2^JS»l±«fiSi^U 

[0 0 19] HI 0li*«(H»w«*»2**««)'f'>y 

Ptt&tfWO Jt $ * « »n— ic L fcfSifnffSffi $ 

[oo2o] mi i it^&wiz&zmznmmcDj >y 

[0 0 2 1 ] Ell 2li*»WKff*»4Haii«0'f >^ 

9 9 zm-r <><ot\ ^^jg«a<c»TSBtcE?ij$n 

[0 0 2 2] HI 3rt*«*#t*B»0#>T'-f >^'< 

> > ft* y rRiFttmwa+Kmt -> 3 t 

[0023] i<S><fc ? :£f§ljg<iv'J 3 Vltt-f > 
99 *<o&JHiiai: ^i:Mt4S4*f 

9. v x8.V t &&X z ?Wffl-1- y S 

[0 0 2 4] ♦ftWKJioTiKVT'-f >*V<? K 

StfiS/ii&fi-si-Ei&i ->•; ^ >i*t<0K©«4*t/< 

[0 0 2 5] fit, *fft93l2XJHtt'<'f 7*TM£ffl-f 
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[0 0 2 6] 

10 ?ii4y'j3>MMi cm\w*smztj;z> a Of Iff 

So l/:^t, mmm+bgmm^bo&mm&m®. 
m&zi&wti: < mitt z z t&x- & ztzft, ->■; 3 VM 
m 1 cnft&Rvmm&n&miz&ixtzito&'kmfti-z 

Z\btfX-£Z>o 

imi) HI (a) li&JfcOv'; 3 >*««rfflv^cr > 
20 HI (b) lifi£3fc<Dv'J n 

[IH 2] H2 (a) tt*«?8U«*5"J 3>^«±co^ 
^^^jjroTffill-e*)')^ 12 (b) li*%W^«S-> 

[13] 111 3 l±f£3&Ov"; 3>S«^fflv^-^ 9 

<o^Mffiuss-e*So 

[14] ^iciav'J 3 >mfc±<o<< txnm 
[is] *&w\,z&hw,i%nm<oj t>$i&i5& 

so ia£7Fl"Bfr®H-c-2>So 

[H6] ^^(C^S*l«ifet?!lO'f ^Slit^fe 

W — x a £ ^ -ruf W H f * S o 

[H7] *§tmiz&z>mi ■mfamnj fm&jsik 
<r> — iig * m -t ®f m m -c $> s 0 

[is] *%^tc^smi**few^^ 
<^ — ii «• -r ©f m m r * s 0 

iig] *%>w\z&2>m\ nt&mo-t ?m&j5& 

[hi 0] *$kw\z&z,m2%mw<o4 >fr??zm-r 

40 spffiHT^bSo 

[HI 1] *^^^#S«3HifeCTO^ 9 

[HI 2] *^^^#S^4SJfe^<7)^>^^J'«r^1- 

*Ffl5H-C*So 

[HI 3] *&Wim^?zP a dAU^jBftffi-S'Efllfr 
^i-2pffiHf*So 
[^■f-WSi^] 
1 1 1 : 2%.&m 
25^12 : 1 X.&m 
so 3S^13 : 
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